ABSTRACT
Introduction
Aquatic bryophytes affect biodiversity by changing environmental conditions and resource availability and thus providing suitable habitats for new species and affecting the abundance of species already present. In mountain sites (especially spring habitats) bryophytes usually cover large areas, sometimes are able to modify water flow and can be considered as ecosystem engineers (10) .
Aquatic bryophytes have been studied and used as biological indicators and monitors of water quality for more than 30 years. Environment quality can be reflected in individual species abundance as well as by the structure and diversity of bryophyte communities (14, 20) . Many species exhibit a high tolerance to contaminants, allowing bioaccumulation over long-term exposure (1, 6, 12, 15, 21) .
Data on relationships with nutrients could enlighten the question about aquatic bryophytes distribution particularly in oligotrophic conditions. Despite available scarce data, bryophytes are suggested to influence the quality and quantity of elements along the river. It is assumed that inorganic N and P are assimilated and transformed in organic forms faster in dominated by bryophytes river ecosystems than in sites where bryophytes are absent. Species ability to absorb nutrients is different. At moderately high nutrients levels macrophyte growth increases and has a ripple effect on the ecosystem: increased biochemical oxygen demand and diminished dissolved oxygen levels.
The dataset used in the research according to the river typology contained bryophyte species lists for sites along 47 rivers in Bulgaria. Four moss species: Brachythecium rivulare, Fontinalis antipyretica, Leptodictyum riparium and Platyhypnidium riparioides were chosen in the current study because: (i) they have high sensibility to different environmental stresses; (ii) they are strictly aquatic species; (iii) have wide distribution in Bulgaria; (iv) their taxonomy is relatively easy. (18) . Platyhypnidium riparioides has score (5) only in MTR. They are not included in Trophic Index of Macrophytes (TIM) since it was designed to indicate the trophic status of rivers as whole ecosystems and combining water and sediment nutrients. The absence of roots excludes substrate influence and thus aquatic bryophytes assimilate macro-and microelements exclusively from the water. The four commonest species are also listed in type specific species groups according Reference Index (17) , which was chosen to be applied and adapted in Bulgaria since classifies rivers by regional approach and reflects different kinds of ecological stresses, as well as river pollution.
Current study has three main aims. Firstly, it is an attempt to examine correlations between the distribution of commonest 4 moss species across rivers in Bulgaria. Secondly, the relationships between ten physico-chemical parameters (pH; conductivity; ammonium, nitrite, nitrate and total nitrogen; phosphate and total phosphorus, biochemical and chemical oxygen demand) and mosses was examined. Thirdly, an adjustment of species as representatives of indicators groups in Reference Index (RI) was made according to river types and local conditions.
Materials and Methods
The study was based on 204 sampling river sites representative for all river types in the 4 Basin Districts in Bulgaria, during 2009. Bryophytes were recorded and sampled together with corresponding river water at 51 sites, 49 of them comprising selected 4 bioindicator moss species (Fig. 1) . The nomenclature accepted in Grolle & Long (8) for liverworts and Hill et al. (9) for mosses is followed. Species abundances are according Kohler (11) . Ten environmental water variables were analyzed for each site. In situ were measured acidity (pH) and electrical conductivity (C in µS cm -1 ) of river water using a Multiline field meter (WTW 340i). Chemical analysis of river water was performed just after sampling on spectrophotometer NOVA 60 (MERCK) following adopted standards: ammonium nitrogen -ISO 7150/1, nitrite and nitrate nitrogen -EN 26777 and ISO 7890-1, total nitrogen -EN ISO 11905-1, phosphate phosphorus -EN ISO 6878, total phosphorus -EN ISO 6878, biochemical oxygen demand -EN 1899-1,2, and chemical oxygen demand -ISO 15705.
Data analyses using package Canoco ver. 4.5 were conducted (19) . Linear method Principal Component Analysis (PCA) was carried out on data on abundance of 4 selected moss species, total number of occurrences 68, without transformation. PCA was based on a correlation matrix and standard deviation as inflation factor. Canonical ordination techniques (CCA) were used to study the role of physico-chemical variables related to bryophyte community composition. Mountain and semi mountain sites (37) and lowland dataset (12) transformed (x' = log (x+1)), automatically centered and standardized by the Canoco analysis program. Monte Carlo permutation tests (number of permutations 499) and forward selection were used within CCA to detect significant (p=0.05 probability threshold level) and independent environmental variables.
Results and Discussion
Forty-nine species (5 liverworts and 44 mosses) were found at 51 from selected 204 locations along rivers in Bulgaria ( Table 1 ). The commonest species encountered were Platyhypnidium riparioides (41% sites), Fontinalis antipyretica (37% sites), Brachythecium rivulare and Leptodictyum riparium (27% sites). The majority of the 49 species (38) were rarely found, occurring at fewer than 5% of sites surveyed. Twelve species could be classified as obligate aquatics, having little or no tolerance to drought conditions. The rest were facultative aquatics, having some degree of tolerance to desiccation and xerophytic conditions, and semiaquatic emergents, being in locations where they are partly in the water and partly out of it, such as Plagiochila porelloides and Cratoneuron filicinum (7) . The coexistence of aquatic bryophytes in river habitats, especially in mountain regions is supported by widely overlapping hydrological niches. Predominantly distributed species in the lowland sites was Leptodictyum riparium on a wide spectrum of substrates.
There are only two analogical studies on bryophyte diversity in Bulgaria. Seventy-three species were reported at 23 sites along Maritsa River (5), and eighty-four species from 32 localities along Iskar River and some of its tributaries respectively (13) . Principal components analysis (PCA) was implemented based on abundance data of commonest bryophyte species from 49 sites, total number of occurrences 68 (Fig. 2) . A PCA revealed a model with four principal components (PCs) explaining 100 % of the total variance in the data set. Brachythecium rivulare and Platyhypnidium riparioides had positive weights towards second PC. The abundance of Leptodictyum riparium negatively contributed both to PC1 and PC2. The positions of sampling sites were also shown on the biplot, demonstrated that sites with registered higher abundance of Leptodictyum riparium are in inverse correlation with sites where the rest three species occurred. In the 3 rd quadrant were located all sites from lowland river types included in the research, except two (one at calcareous spring). There were also three semi mountain sites, among them 2 were located at the river mouth area. The above sites have different altitude, substrate characteristics, etc. and the low water speed was the only feature in common. The group above also represented sites subject to various extent of anthropogenic pressure, 2 sites in poor and high, 4 sites in moderate and good ecological status (2).
Sites with higher abundance of Fontinalis antipyretica are separated along the second axis. Sites with reference conditions were characterized by taxa Brachythecium rivulare and Platyhypnidium riparioides. The relationships between environmental characteristics of sites where mosses were registered were identified using CCA. The biplot of the sites and the environmental variables is shown at Fig. 3 for mountain and semi mountain river types. Ten environmental parameters were tested and after forward selection N-NO2 was omitted, pH and P-PO4 did not contribute significantly to the model (P>0.1). Total N and P, BOD5, N-NO3, N-NH4 and conductivity were shown to be the parameters having greatest influence on bryophyte communities. The sum of canonical eigenvalues of all environmental variables is 0.108. Phosphate and total phosphorus and nitrogen were highly correlated with the first CCA axis (R=1.0; 0.86 and 0.56 respectively) which explained 58.8% variance of the species data. It represented a gradient from sites rich in phosphorus to sites characterized by higher values for nitrogen and conductivity. Second axis explaining 70.2% variance of the species data was correlated with COD, BOD5 and pH. It opposed sites with measured higher values of BOD5 and COD to sites where these parameters were lower, thus separating 5 mountain and 5 semi mountain sites (at the right side of the ordination plot) with dominance of Fontinalis antipyretica and Platyhypnidium riparioides. Brachythecium rivulare was registered at one site, Leptodictyum riparium at 2 sites. Table 1 for species distribution
Nitrate nitrogen was shown to be dominant environmental variable (Fig. 4) were chosen by forward selection, only P-PO4 was omitted. Nitrate and total nitrogen were highly correlated with the first CCA axis (R=1.0 and 0.86 respectively); total phosphorus and BOD5 with the second axis (R=1.0 and 0.63 respectively). The sum of canonical eigenvalues for the nine significant variables was 0.084. First axis and second axes separated sites with different extent of environmental variables loads, but all represented by Leptodictyum riparium, which confirmed the species tolerance and belonging to group B for lowland type according RI.
Even though phosphate is an especially important nutrient and lowland sites were analyzed above (nutrient impacted sites and therefore high PO4 concentration), CCA showed that it is not an important variable for bryophytes. Similar result showing lack of importance of phosphate was reported for mainland British rivers (16) . It was found also that Leptodictyum riparium and Brachythecium rivulare were associated with high levels of phosphate. The tolerance of the two species to eutrophic systems has been identified also by Dawson et al. (3) . Table 1 for species distribution
Conclusions
Bryophytes represent a significant proportion of macrophytes recorded in Bulgarian rivers especially in mountain and semi mountain streams.
The proven by CCA tolerance of commonest species in lowland sites Leptodictyum riparium confirmed its position as a representative of RI type specific species group B. On the basis of PCA showing that Leptodictyum riparium was in inverse correlation the rest three species, it should be reasonable species to be reassigned from group C to group B for mountain and semi mountain river types. PCA resulted also in positive correlation between presence and abundance of Brachythecium rivulare and Platyhypnidium riparioides and thus suggested that second species is more appropriate as indicator from group A for both river types. Current study confirmed groups' affiliation of Brachythecium rivulare and Fontinalis antipyretica.
In conclusion results showed that in approaching macrophytes bioindication system it should be based on communities' functional characteristics rather than only species composition.
